The retina or cultured cells were homogenized with lysis buffer containing 50 mM 1 2 0 Tris 7.4, 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS and 1 2 1 inhibitors of protease (Roche #11679498001) and phosphatase (Sigma #P0044). 1 2 2 Samples were resolved by SDS-PAGE and transferred to PVDF membranes. Primary 1 2 3 antibodies used for probing were listed below: phospho-Drp1(Ser616) (Cell Signaling 1 2 4
Technology, Product #3455), Drp1 (Cell Signaling Technology, Product #14647), 1 2 5 Cleaved Caspase-3 (Proteintech, Product #25546-1-AP), Bax (Abcam, Product 1 2 6 #ab32503), VDAC ( Cell Signaling Technology, Product #4866 ) , GAPDH 1 2 7 (Proteintech , Product #60004) and β -actin (Cell Signaling Technology, Product 1 2 8 #4970). After HRP-conjugated secondary antibodies and chemiluminescent substrates 1 2 9
were applied, the signals were detected by Amersham Imager 600 (GE, USA). 1 3 0
Densitometry was measured and analyzed with Image J 1.48. The rats were perfused transcardially with 4% paraformaldehyde. The eyeballs were 1 3 4 harvested, cryo-sectioned and prepared for immunohistochemistry. 661W cells were 1 3 5 fixed with 4% paraformaldehyde before staining. Leica TCS SP8 confocal 1 3 6 microscopy (Leica Microsystems, Weltzlar, Germany) was used to detect Vβ 1 3 7 antibodies (Abcam #ab14730) labeled mitochondria with an excitation wavelength of 1 3 8 543nm and an emission wavelength from 575nm to 700nm. The image size was set to 1 3 9 1024 x 1024 pixels in a scan speed of 100 Hz with a 63X oil immersion lens. The way 1 4 0 of mitochondrial morphology was analyzed from Rehman et al (Rehman et al., 1 4 1 2012).Ten to fifteen cells were captured randomly and the images were analyzed 1 4 2 using Image J (NIH，Bethesda, MD). Greater than half of mitochondrial displaying 1 4 3 the long tubular shape is "tubular", less than half of mitochondrial displaying the 1 4 4 tubular shape is intermediate and majority of mitochondrial displaying short is 1 4 5 fragmented shape. (Wang et al., 2015) Fragmentation is defined as number of the 1 4 6 fragmented mitochondrial in total cells.100 cells were statistically analyzed by a blind TEM analysis was carried out as described previously (Huang et al., 2014) . Briefly, 1 6 2 the retina was fixed in a solution containing 5% formaldehyde, 2% glutaraldehyde in 1 6 3 0.1 M PBS, pH 7.4. The fixed and processed samples were subjected to imaging with 1 6 4 TEM (Zeiss 190). Mitochondrial of photoreceptor were gained randomly in four field 1 6 5 for each sample and the images were digitized and the mitochondrial length was 1 6 6 measured by Image J 1.48 for analysis. Mitochondrial isolation from retina was performed using a mitochondrial isolation kit 1 7 0 (Beyotime #C3606) according to the instructions. Briefly, dissected retina 1 7 1 homogenized in cold mitochondrial lysis buffer. The homogenate was then 1 7 2 centrifuged at 600g for 10 min at 4 °C to spin down the nuclei and unbroken cells. The supernatant was collected and centrifuged again at 12,000g for 30 min at 4 °C to 1 7 4 pallet the mitochondria. manufacturer's instructions (GenePharma, Shanghai, China). We selected four 1 8 5 sequences of siRNA from the pubmed and one sequences of siRNAs proved to be 1 8 6 effective in this study: siDrp1 sense: 1 8 7 5'-AGGAGAAGAAAAUGGUAAAUUUCTT-3', siDrp1 antisense: 1 8 8 5'-GAAAUUUACCAUUUUCUUCUCCUTT-3', negative control sense: 1 8 9 5'-UUCUCCGAACGUGUCACGUTT-3', negative control antisense: 1 9 0 5'-ACGUGACACGUUCGGAGAATT-3'. The final concentration of siRNA was 20 1 9 1 pM per well. The media was changed 24h after transfection. Cells were harvested 48 1 9 2 h after transfection. Efficiency of knocking down endogenous Mouse Drp1 was 1 9 3 verified by Western blot, the transfection efficiency is calculated by the expression of 1 9 4 p-Drp1 Ser616 between siDRP1 and control group relative to β -actin. 1 9 5 1 9 6
Mitochondrial membrane potential assay 1 9 7
Dual-emission potential-sensitive probe JC-1 (Molecular Probes #T3168) was used to 1 9 8 1 0 measure the mitochondrial membrane potential, 661w cells were washing with cold 1 9 9 PBS after treatment and then incubated with 10 μ L of JC-1 for 20 minutes at 37 。 C 2 0 0 according to manufacturer's instructions. After incubation, cells were washed twice 2 0 1 by cold PBS, we measured the red fluorescence with excitation at 525 nm and 2 0 2 emission at 590 nm, the green fluorescence with excitation at 490 nm and emission at 2 0 3 530 nm in a random order and analyzed with Image J 1.48. The ratio of red to green 2 0 4 fluorescence was used to reflect mitochondrial membrane potential. The retinal function was assessed by electroretinograms (ERG) before and 7 days 2 0 8 after retinal detachment. The rats were pretreated overnight dark adaptation, the rats 2 0 9
were anesthetized and pupil were dilated as previously introduced. The body 2 1 0 temperature was set to 37 。 C with a heating pad during the procedure, a gold wire 2 1 1 electrode was on the corneal, reference electrode was at the head and a ground 2 1 2 electrode in the tail. All the procedure was in dim red light. The response to a light 2 1 3 flash (3.0 candela seconds/m 2 ) from a photic stimulation was amplified, the 2 1 4 preamplifier bandwidth was set at 0.2 to 300 Hz. The a-wave amplitude was from 2 1 5 baseline to the maximum a-wave. The amplitude of b-wave was measured from the 2 1 6 maximum a-wave to the maximum b-wave peak. The ratio of a or b wave to baseline 2 1 7 was used to evaluate the retinal function. preceded expression of Caspase-3 ( Fig. 1F & 1G) , we imply that Drp1-mediated 2 6 5 mitochondrial fission may serve as upstream signals regulating the apoptotic pathway 2 6 6 in photoreceptors after RD. To further verify this hypothesis, we subretinally 2 6 7 administered Mdivi-1, a highly selective inhibitor for Drp1 (Tanaka and Youle, 2008), 2 6 8 at the time of RD induction. As expected, treatment with Mdivi-1 attenuated 2 6 9 RD-induced mitochondrial fission and effectively preserved mitochondrial integrity in 2 7 0 the photoreceptors after RD as determined by TEM ( Fig. 2A & 2B ). Next, we 2 7 1 analyzed the activity of apoptotic factors in the retinal tissues. Notably, we analyzed 2 7 2 the activity of apoptotic factors in the retinal tissues. Notably, the expression of cleaved 2 7 3
Caspase-3 was substantially suppressed by Mdivi-1 after RD (Fig. 2C & 2D) . The 2 7 4
Bcl-2 family is a critical regulator of mitochondrial permeability and intrinsic 2 7 5 apoptotic pathway (Chipuk et al., 2010) . Previous report has demonstrated a critical 2 7 6 role of Bax, a member of the Bcl-2 family, in photoreceptor degeneration after RD Based on the inhibitory effect of Mdivi-1 on the mitochondrial fission and 2 8 7 apoptotic pathways, we further assessed the therapeutic potential of Mdivi-1 in 2 8 8 experimental RD model. After RD, progressive degeneration of photoreceptors results 2 8 9 in a gradual thinning of the outer nuclear layer (ONL). Therefore, the thickness of 2 9 0 ONL serves as an indicator of photoreceptor survival. As showed in Fig. 3A and 3B , 2 9 1 RD induced substantial loss of photoreceptors while Mdivi-1 treatment effectively 2 9 2 preserved the ONL structure in the retina. Consistently, the retinal function was 2 9 3 significantly rescued with Mdivi-1 treatment as examined by scotopic 2 9 4 electroretinogram (Fig. 3C, 3D ). Taken together, we conclude that Drp1 inhibition by Mdivi-1 has a 2 9 6 neuroprotective impact on the retina in experimental RD model by suppressing 2 9 7 mitochondrial fission and the apoptotic pathway. Drp1-mediated mitochondrial fission is induced by oxidative stress 3 0 0
Oxidative stress has been well documented as a 'danger signal' to photoreceptors. to be explored. Therefore, we questioned whether attenuation of oxidative stress 3 0 5
would have an effect on mitochondrial dynamics in photoreceptors after RD. To this 3 0 6 end, we introduced N-Acetylcysteine (NAC), a well-defined scavenger of reactive 3 0 7 oxygen species (ROS), subretinally at the time of RD induction and examined the 3 0 8 1 5 expression level of activated Drp1. As showed in Fig. 4A-4B , NAC effectively 3 0 9 suppressed the expression of p-Drp1, indicating a positive role of oxidative stress in 3 1 0 promoting mitochondrial fission. 3 1 1
To further elucidate the causal relationship between oxidative stress and 3 1 2 mitochondrial fission, we employed an in vitro model of cultured murine Immunostaining of 661W cells with mitochondria-specific V-β antibodies revealed 3 1 6 predominance of fragmented mitochondrial signals after H 2 O 2 insult (Fig. 4E & 4F) , 3 1 7 which is in agreement with our vivo findings (Fig. 4A ). Consistently, Drp1 3 1 8 knockdown by siRNA ( Fig. 4G & 4H ) also preserved mitochondrial integrity ( Fig. 4E  3  1  9 & 4F), confirming the critical role of Drp1. suppressed H 2 O 2 induced TUNEL activity ( Fig. 5A & 5B) , Pre-treatment of 661W 3 2 5 cells with Mdivi-1 effectively preserved mitochondrial integrity and membrane 3 2 6 potential ( Fig. 5C-5D ), which supports a role of Drp1 in oxidative stress induced 3 2 7 mitochondrial dysfunction. Our findings strongly suggest that Drp1 and 3 2 8
Drp1-dependent pathways may join in preserving the mitochondrial function, 3 2 9
Oxidative stress induced photoreceptor degeneration is at least in part mediated by 3 3 0 1 6
Drp1-dependent mitochondrial fission. , 1993) . Therefore, photoreceptors necessitate sustained supply of oxygen and 3 3 7 nutrition from the RPE/choroid complex to support highly active metabolism 3 3 8 (Linsenmeier and Padnick-Silver, 2000) , (Luo et al., 2013) . Accordingly, 3 3 9 photoreceptors hold a large reservoir of mitochondria to satisfy their metabolic 3 4 0 demand( Barber and Wright, 1969) . It has been reported that increased mitochondrial 3 4 1 fission is associated with photoreceptor degeneration in aged mice (Kam et al., 2015) . In the case of RD as manifested in multiple retinal diseases, photoreceptors 3 4 6 suffer from excessive ROS that is considered to trigger cell death, but the exact 3 4 7 mechanisms remain to be elucidated. Accumulating evidence suggests that 3 4 8 mitochondria is the major source of intracellular ROS in response to cellular 3 4 9 stress(Sies, 2014). Consistently, we observed a predominantly fissured population of 3 5 0 mitochondria in the photoreceptors of rats after experimental RD, which represents an 3 5 1 early degenerative event (Fig.1E & 1F ). Since fissured mitochondria has been 3 5 2 1 7 associated with energetic failure and cell degeneration(Cherubini and Ginés, 2017), 3 5 3 we speculate that mitochondrial fission could be the milestone along the ROS-induced 3 5 4 degenerative pathway determining photoreceptor death. At the molecular level, Drp1, 3 5 5
the key mediator of mitochondrial fission, was activated after RD. Notably, inhibition 3 5 6 of ROS suppressed Drp1 activation, which supports a regulatory role of ROS in Drp1 3 5 7 activity. In vitro, H 2 O 2 induced Drp1 activation, mitochondrial fission and 3 5 8 photoreceptor death, while inhibition of Drp1 preserved mitochondrial integrity and 3 5 9 protected photoreceptors. Collectively, our data suggest that Drp1-dependent 3 6 0 mitochondrial fission plays key roles in mediating RD-induced photoreceptor 3 6 1 degeneration. 3 6 2
It is intriguing to target mitochondria for photoreceptor protection since 3 6 3 mitochondria are considered to be the major organelles that senses cellular stress and 3 6 4 broadcasts death-promoting signals. Mitochondrial fission may represent a common 3 6 5 pathway through which photoreceptors degenerate in other retinal diseased models. In 3 6 6 conclusion, our findings suggest that Drp1-dependent mitochondrial fission plays 3 6 7 critical roles in photoreceptor degeneration and Drp1 inhibition is effective in 3 6 8 preserving photoreceptors. Thus, Drp1 represents a potential therapeutic target for 3 6 9 photoreceptor protection. 
